Hugh Ford was one of the most influential mechanical engineers of his generation. indeed, it could be said that he was influential for several generations, because he remained active professionally well into his nineties.
the department. The thesis was on the rather new topic of heat transfer, and it generated a lasting enthusiasm for research. owen Saunders was a very busy man and his supervision was limited. This had a strong influence on Hugh Ford's attitude to his students. i can vouch for his diligent supervision and constant encouragement. He was always most careful to give due recognition for the contribution of others to joint work.
in 1939 he was directed to iCi (imperial Chemical industries) as part of the war effort and had the good fortune to work on the development of chemical processes operating at high pressures. The team developed a continuous process for producing polyethylene under high pressure. The resulting material was of great value as an insulator in military applications and helped in making radar possible. it also led to the ubiquitous 'polythene' used in shopping bags and other films. Hugh was always disappointed that such a great invention should be the cause of irritation and pollution along with many benefits.
The association with high-pressure technology was a further example of an early encounter providing a lifelong interest. it became the basis of an undergraduate stress analysis course and a thriving consulting activity as high-pressure polyethylene plants were built around the world. indeed, his long professional life owed much to the fact that the plants outlived most of those who built and understood them, so his expertise was in demand worldwide for many years.
The association with iCi ended in 1942 when he married his first wife, Wynyard Schofield, whose father had had his estate forcibly taken over by the government for iCi. (Wynyard died in 1991 and in 1992 he married Thelma Jensen, who survives him together with two daughters from his first marriage.) He was encouraged by his first wife to seek employment elsewhere, and he joined the Steel industries research organization to lead the Metal Working division. Here he encountered another continuous process in strip-rolling mills. Thus a further long-term interest was established, this time in metal working and forming, which was the basis of much of his subsequent research output and consulting. For many years he was a frequent visitor to india, where he advised Tata Steel on their steel processing. A former student, Shamil gupta, was Technical director and greatly valued his advice.
in 1948 he was offered a readership in Applied Mechanics by owen Saunders and he returned to City and guilds College and imperial College. (He was fond of noting that he did so at a reduced salary.) He remained in the department of Mechanical Engineering until 1978 and then on a part-time basis for a further 30 years. He was extremely active both in the department and in imperial College and also in many outside bodies. Subsequent sections will summarize some of his many achievements.
ImperIal College in the department of Mechanical Engineering at imperial College, Hugh recruited staff and students to build an activity in metal working and also in new areas such as biomechanics, fracture, tribology, dynamics and polymers. Notable recruits were John Alexander, Cedric Turner, Alistair Cameron, Peter grotenhuis and Alan Swanson. There was no tradition of research in the department in applied mechanics, so it was his considerable enthusiasm that created the activity. He was also heavily involved in all aspects of the growth of the department.
Crucial to this was the rebuilding in the period when the Waterhouse building was demolished in three stages and a new one built to meet the needs of the expansion. Teaching and research went on throughout this process. This presented many challenges, among which was the need to design laboratory facilities for the coming 50 years, requiring great foresight. it is notable that the laboratories were refurbished in 2011 and the original planning and design had remained viable throughout the 50-year period.
The teaching in the department also underwent change, and Hugh led much of this as well. He taught stress analysis to final-year undergraduates for many years and gave a course informed by his iCi experience in designing high-pressure plant. Thus thick-walled cylinders and thermal stresses were a mainstay of the course. Similarly, he valued design and recognized the need to link with the royal College of Art (rCA) approach. This resulted in a joint MA/ MSc course with the rCA, which continues to be highly successful.
He also initiated a five-year undergraduate course called Total Technology. This was designed to foster industrial experience closely integrated with the academic course, and the first and final years, together with vacations, were spent with the sponsoring companies. This notion had its roots in apprenticeship schemes such as that from which he had benefited greatly. it was very successful and many variants were developed elsewhere, including the dainton engineering courses. it ran from 1972 for many years but was finally ended by the introduction of the four-year MEng course in the department. The idea of 'Total Technology' became popular and was widely emulated.
He was Head of department for the period 1966-78 and oversaw many changes. The department had grown in both teaching and research in several areas as well as his own of applied mechanics. Those were the days of 'life' appointments as Head of department, so 12 years was not unusual but was very demanding. There were conflicts between some staff members, and Hugh showed great wisdom, consideration and fortitude in placating those involved. Most of those in the department during this period regarded his term as successful and the department as a happy place. in 1978 he stepped down and became Pro rector of the college until he retired in 1980. He was a Senior research Fellow until his death.
Hugh was a keen supporter of student activities and, in particular, the C&g Motor Club. He was the club's president for about 30 years and for most of the period he took part in the London to Brighton run in Boanerges, or Bo', the club's veteran car, a 1902 James and Browne. Figure 1 shows Hugh braving the elements on one such outing. The Club remains responsible for the maintenance of the rather precious vehicle. He also supported the C&g rugby Club and sponsored a Sevens Tournament and a cup in his name.
generations of students admired his style. He drove a rolls-royce and was always well dressed with a bowler and carried a rolled umbrella. A brown bowler was a particular object of praise from students. researCh Hugh Ford's research activity followed the pattern established by his iCi and British Steel connections. The design of high-pressure vessels and the rolling of steel strip informed most of his output. His motivation was always to provide solutions for engineering problems that he saw as necessary for proper design. Most of the topics he worked on were covered, in detail, in his book Advanced mechanics of materials (1)*, which he wrote in conjunction with John Alexander. His systematic approach was exemplified by the four sections of the book, namely analysis of stress, analysis of strain, elasticity problems and plasticity problems. The title included 'Advanced' because it sought to provide the necessary basis for moving forward from the rather simple methods used in design at that time. in the elasticity section, for example, he covered stress functions and energy methods, which, although well known in mathematics, were not widely used in engineering. Similarly the plasticity part sought to apply the work of rodney Hill and William Prager (Hill 1950; Prager & Hodge 1951) to engineering practice.
His publications in elasticity covered all aspects of design with the focus on cylindrical pressure vessels and pipes. This included thermal stresses and also residual stresses and their determination and origin. The analysis of elastic-plastic cylinders was also covered, as was the generation of residual stresses by auto-frettage.
in plasticity he worked extensively on modelling the rolling process and also extrusion. The need for accurate yielding data was a major factor and led to papers on assessing criteria as well as test methods such as the plane strain compression test, which is still widely used for testing a range of materials. At that time many problems could only be tackled with graphical methods. For plasticity this was slip-line field theory, which involved constructing flow diagrams for compatible deformations. This work was done in conjunction with John Alexander, who had a particular flair for the technique. it also resulted in a section in their book on general orthogonal curvilinear coordinates. This is a topic not widely covered in such texts, and students found it demanding. The diagram was of such complexity that it had the distinction of being the only printed handout given to the students. in those days such courses were delivered entirely by means of chalk and a blackboard.
His research activity coincided with the development of numerical methods and computers. This combination provided powerful schemes such as finite element analysis, which gave much of the support for design that Hugh knew was needed. To some extent this replaced methods that he advocated such as slip lines. it is noteworthy, however, that 50 years later, when numerical solutions are indeed dominant in design, the need for the analytical and approximate methods has not gone away. To know whether the numerical results are sound one needs to know what answer to expect. The methods promoted and developed by Hugh are still vital to the design process.
Hugh also had an extraordinary ability to recognize new fields of research as important long before they were fashionable. Perhaps his most important legacy is the activities he initiated and supported that are still a major part of mechanical engineering at imperial College. The first was the development of fracture mechanics in the study of the failure of materials. in 1957 he chaired an Admiralty committee (Admiralty Advisory Committee on Structural Steel-research Panel), which looked at the consequences of the brittle failure of steel. The accepted wisdom was that this was a metallurgical problem and, indeed, sometimes this was the case. However, he realized that there were mechanics issues of equal importance that had been noted by george irwin of the uS Navy. The work was based on the approach of A. A. griffith FrS, published in 1920 but largely forgotten (griffith 1920). Hugh recognized its importance and encouraged Cedric Turner to pursue the study of fracture in the department. This remains a major activity, dealing with metals, polymers and adhesives with a wide range of industrial applications.
Polymers were not seen as serious engineering materials in the 1960s, although du Pont was marketing delrin (polyacetal) as an engineering material and provided design data. Links with companies that had licences for the iCi high-pressure process for polyethylene convinced Hugh that other materials would come onto the market for use in engineering.
He supported me as a Phd student in what was to become known as polymer engineering. The prediction of the expansion of the topic was borne out, and an activity involving properties, design and processing was established. Polymer engineering courses and professorships were established in many universities.
A third example is biomechanics. This was not Hugh's idea but arose from a series of chance encounters by Alan Swanson. The latter became convinced that this was to become a growing field, and Hugh gave him enthusiastic support and initial funding from his own resources. The biomechanics group is now a major part of the department with close links, including joint professorial appointments, with the Medical School.
With all these activities, Hugh made sure that the innovations received their recognition and reward, never claiming more than his proper share. Such insight is very rare and the research groups are a lasting memorial to his vision. learned soCIetIes Hugh was a strong supporter of many institutions. He believed that they had an important role in engineering and particularly in linking the industrial and academic communities. He therefore devoted a considerable part of his energy to them, and listed below are those in which he was involved.
The Institution of Mechanical Engineers
He benefited greatly in his early years from the Whitworth scholarship, which was administered by the institution. This instilled a lasting loyalty and he was a member for 75 years. He joined the Council in 1962 and served for 20 years. in 1984 he became an Honorary Fellow. He was involved with the Applied Mechanics group, the Engineering Policy review Committee, the Council Awards Committee and the Technical Board. He was President in 1977-78. The Hugh Ford Management lectures, for which he gave financial support, are held annually by the Management group. This consistent, long-term, commitment is a further example of his devotion to causes he valued.
The Royal Society
Hugh was elected a Fellow of the Society in 1967. The citation read: distinguished for his contributions to the study of metal deformation in the elastic and plastic ranges and in experimental stress analysis. He did pioneer work in establishing experimentally the slip-line field in plane strain and in solving elastic-plastic problems including the expanding of a hole in an infinite plate. Has also made important contributions to experimental stress analysis, such as in pipework and expansion bellows. He has been particularly successful in applying his results to practical engineering design. He is Chairman of the Admiralty research Panel for brittle fracture in mild steel for welded ships and other structures. At imperial College he is the leader of one of the best schools of Applied Mechanics in the country. This is an excellent summary of his academic achievements at that stage. He served on the Society's Council from 1973 to 1974 and was influential in the Brian Mercer Bequest, which was made to the Society in 2000 and has been used to support projects on innovation and new materials.
Hugh was a member of the royal Society Club and attended the dinners regularly. He was often chairman and led the discussions with great skill. His questions to speakers were, of course, very polite but his views were always apparent. He was not impressed by management activities that were driven by financial considerations rather than by the sound engineering principles he expounded.
The Royal Academy of Engineering
He was a founder Fellow in 1976 of the Fellowship of Engineering, the precursor of the royal Academy of Engineering. He was a Vice President from 1981 to 1984. The goal was to establish a body to recognize excellence in engineering and to promote it within the wider community. it has prospered and continues to achieve the goals envisioned. An interesting aspect of his involvement is the President's chair made in 1994 to mark the granting of the royal Charter. The carpentry was by Peter rowe, another founding Fellow, and Hugh did the upholstery with tapestries that he made. He was a man of many talents.
The Institute of Metals
Hugh was the President of the institute of Metals in 1963-64 and again in 1985-87, when it was recreated by the merger of the Metals Society and the institution of Metallurgists. raIlways Hugh was an enthusiast for railways all his life and maintained links with the industry. For many years he was a member of the research and Technology Committee of British rail (Br) at a time when innovation in track and train design was being pursued. This was the aim of the Advanced Passenger Train (APT), which was designed for use at high speed on the rather winding tracks in the uK. The resulting 'tilting train' did run for some time and is used in many other countries. Hugh was involved in the Br review that decided not to pursue the concept, which must have been a disappointment to him.
His main enthusiasm was, of course, for steam and he pursued this through model engineering. He built a scale model of an Armstrong Class locomotive of 1894, which he ran on a track in the garden at his home in Surrey. it is shown in action in figure 2. The model is now in the didcot railway Centre (great Western Society). it is noteworthy that a man of such distinction should maintain a high level of practical skills throughout his life. As mentioned above, he had an introduction to government activity when he was a member of the Admiralty committee on the fracture of steel. He was a member of the research grants Committee of the department of Scientific and industrial research, which later became the Science research Council. in 1968 an Engineering Board was created and Hugh became the first chairman. This body was designed to provide support for engineering research in universities, and it did much to ensure its share in competition with the sciences. Eventually the Science and Engineering research Council (SErC) was created by Sir geoffrey Allen FrS, which sought to balance the funding between engineering and science. Hugh was a supporter of this move, and the body remains the structure for supporting university research.
energy
The notions of saving energy and the use of alternative sources, which are so active today, are not new. during the 1970s the Central Electricity generating Board made many studies on alternative power generation schemes. one such was the idea of operating a Severn barrage, and Hugh was involved in the assessment of this proposal. it was not pursued but it created an interest for Hugh that became a major activity in later life. He gave many lectures on his concept of 'The total energy life cycle'. it was his view that the world economy is based on a destructive notion of growth in which products have to be consumed continually to maintain that growth. Thus energy is consumed in producing goods for a limited life, after which they must be replaced. This 'built-in obsolescence' is fundamental to maintain growth and wastes vast quantities of energy. global warming, he said, was one side effect of this. The solution he proposed was that products should be designed and made on the basis of the energy they consumed in their life cycle and not on a cost basis. Products should be made to last and an economy created on this basis. He was a compelling speaker and his ideas rang true with audiences. Such notions are, of course, contrary to current economic models but are probably the only route to a truly sustainable world economy and to protect the environment. a personal note This rather brief account of the professional life of an extraordinary person does, i hope, do justice to his many talents. i would, however, add some personal recollections to give some further perspective on the man. i was his Phd student from 1962 to 1963. He was an excellent supervisor who inspired enthusiasm and confidence, and i have tried to follow his example with my own students. He also instilled a work ethic that, i must confess, has been beyond me. He told me that he did some academic work every day of the year including Christmas day.
He was a true gentleman who always put others at their ease. Soon after i became his student, Hugh and Wynyard invited me, and my new wife, to dinner at his home in Chelsea. We were somewhat daunted by the occasion and especially when we were greeted by a maid in uniform who announced us as she opened double doors to the lounge. We soon relaxed when we saw Hugh sitting on the hearth rug playing with his cat.
He pursued his hobbies with great enthusiasm and would arrive back on Mondays from his house in Surrey, in his words 'physically exhausted but mentally refreshed' from gardening and model-making. He was keen on early English operas and put on performances at his home in Surrey to mark significant birthdays. They were grand affairs and were much admired.
He was my mentor and friend for 50 years and i consider myself fortunate to have known him. aCknowledgements i greatly appreciate the help given me by my colleagues Tony Kinloch, Shaun Crofton and Alan Swanson who read the draft of this article and made many useful suggestions and pointed out errors. Thanks are also due to Valerie Crawford for preparing the text.
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